**Specification table**TableSubject areaMaterials engineeringMore specific subject areaSurface science and engineeringType of dataTable and figureHow data were acquiredThe cleaned and weighed specimen was suspended in beakers containing 0.5 M H~2~SO~4~ solution of different concentrations of egg shell powder. The pre-weighed stainless steel samples were retrieved from the test solutions after every 24 h, cleaned appropriately, dried and reweighed.Data formatRaw, analyzedExperimental factorsThe difference between the weight at a given time and the initial weight of the specimen was taken as the weight loss, which was used to calculate the corrosion rate and inhibition efficiency.Experimental featuresInhibitor concentration, exposure timeData source locationDepartment of Chemical, Metallurgical and Materials Engineering, Tshwane University of Technology, Pretoria, South AfricaAccessibilityData are available within this articleRelated research articleO. Sanni, A. P. I. Popoola, and O. S. I. Fayomi, Enhanced corrosion resistance of stainless steel type 316 in sulphuric acid solution using eco-friendly waste product, Results in Physics, 9 (2018) 225--230.

**Value of the data**•Data presented here provide optimum conditions of waste material as inhibitor for stainless steel Type 316 in 0.5 M H~2~SO~4~ medium. The given data describe the inhibitive performance of eco-friendly egg shell powder on austenitic stainless steel Type 316 corrosion in sulphuric acid environment.•The data obtained for the inhibition of waste product (egg shell powder) on stainless steel Type 316 can be used as basis in determining the inhibitive performance of the same inhibitor in other environments.•The data can be used to examine the relationship between the process variable as it affect the nature of inhibition of metals.

1. Data {#s0005}
=======

The results of the experiment are presented in this session. The results obtained from weight loss method for stainless steel Type 316 immersed in 0.5 M H~2~SO~4~ solution in the absence and presence of different concentrations of egg shell powder (ES) are presented in [Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"} respectively. It can be seen clearly from these Figures that the efficiency of egg shell powder increase with the inhibitor concentration, The increase in its efficiency could be as a result of increase in the constituent molecule number of inhibitor adsorbed on the surface of stainless steel at higher concentration, in order for the active sites of the stainless steel to be protected with the inhibitor molecules. Cathodic and anodic polarized potential are measured in the presence and absence of ES. [Fig. 4](#f0020){ref-type="fig"} shows the cathodic and anodic polarization curves for stainless steel in 0.5 M H~2~SO~4~ solution at different ES concentrations. The electrochemical variables such as polarization resistance (PR), corrosion potential (Ecorr), corrosion current (icorr), anodic Tafel constant (ba), cathodic Tafel constant (bc) and corrosion rate (mm/year) values are presented in [Table 1](#t0005){ref-type="table"}. From the polarization curves and electrochemical parameter, icorr value decreased with the addition of inhibitor in 0.5 M H~2~SO~4~. Conversely, the icorr further decrease with an increase in inhibitor concentration indicating that the inhibition effects increase with an increase in the egg shell concentration. The process of egg shell inhibition could be attributed to the formation of egg shell powder adsorbed on stainless steel surface protecting corrosion of stainless steel in H~2~SO~4~ medium. The likely mechanism is the egg shell adsorption on stainless steel surface through the heteroatoms electron pair and the conjugated systems in egg shell molecular structure as shown in [Fig. 1](#f0005){ref-type="fig"}. When the concentration of inhibitor was increased from 2 to 10 g, the corrosion rate values drastically decreased this result show that waste egg shell powder is an effective corrosion inhibitor for stainless steel in H~2~SO~4~ solution. The shift in corrosion potential of stainless steel from Tafel curves and electrochemical data indicate that the inhibitor is a mixed-type corrosion inhibitor.Fig. 1Weight loss versus exposure time for stainless steel immersed in 0.5 M H~2~SO~4~ solution in the absence and presence of ES.Fig. 1Fig. 2Corrosion rate versus exposure time for stainless steel immersed in 0.5 M H~2~SO~4~ solution in the absence and presence of ES.Fig. 2Fig. 3Inhibition efficiency versus exposure time for stainless steel immersed in 0.5 M H~2~SO~4~ solution in the presence of ES.Fig. 3Fig. 4Anodic and cathodic polarization curve of stainless steel in 0.5 M H~2~SO~4~ solution in the presence and absence of ES.Fig. 4Table 1Potentiodynamic polarization data for stainless steel in the absence and presence of ES in 0.5 M H~2~SO~4~ solution.Table 1**Inhibitor concentration (g)bc (V/dec)ba (V/dec)Ecorr (V)icorr (A/cm**^**2**^**)Polarization resistance (Ω)Corrosion rate (mm/year)**00.03350.0409−0.93930.000324.09102.816321.94600.0596−0.82760.0002121.4401.505440.01630.2369−0.88250.000142.1210.947660.32330.0540−0.80275.39E-05373.1800.431880.12400.0556−0.58965.46E-05305.6500.3772100.03820.0086−0.53561.24E-05246.0800.0919

The plot of inhibitor concentration over degree of surface coverage versus inhibitor concentration gives a straight line as shown in [Fig. 5](#f0025){ref-type="fig"}. The strong correlation reveals that egg shell adsorption on stainless surface in 0.5 M H~2~SO~4~ follow Langmuir adsorption isotherm. [Fig. 6](#f0030){ref-type="fig"}, [Fig. 7](#f0035){ref-type="fig"}, [Fig. 8](#f0040){ref-type="fig"} show the SEM/EDX surface morphology analysis of stainless steel. [Figs. 7](#f0035){ref-type="fig"} and [8](#f0040){ref-type="fig"} are the SEM/EDX images of the stainless steel specimens without and with inhibitor after weight loss experiment in sulphuric acid medium. The stainless steel surface corrosion product layer in the absence of inhibitor was porous and as a result gives no corrosion protection. With the presence of ES, corrosion damage was minimized, with an evidence of ES present on the metal surface as shown in [Fig. 8](#f0040){ref-type="fig"}.Fig. 5Langmuir adsorption isotherm of ES.Fig. 5Fig. 6SEM/EDX image of as-received stainless steel.Fig. 6Fig. 7SEM/EDX image of stainless steel immersed in 0.5 M H~2~SO~4~ solution without inhibitor.Fig. 7Fig. 8SEM/EDX image of stainless steel immersed in 0.5 M H~2~SO~4~ solution with the presence of inhibitor.Fig. 8

2. Experimental design, materials and methods {#s0010}
=============================================

2.1. Material {#s0015}
-------------

Austenitic stainless steel Type 316 was used in this study with chemical composition reported in [@bib1], [@bib2]. The chemicals used were of annular grade. The inhibitor concentrations are in the range of 2, 4, 6, 8 and 10 g [@bib3], [@bib4], [@bib5]. The structural formula of egg shell powder is shown in [Fig. 9](#f0045){ref-type="fig"}.Fig. 9Chemical structure of egg shell powder.Fig. 9

2.2. Weight loss method {#s0020}
-----------------------

This physical measurement was carried out in order to provide direct result on how the corrosive environment affects the test sample. The cleaned and weighed specimen was suspended in beakers with the aid of glass hooks and rods with the test solution of ES at different concentration (2, 4, 6, 8 and 10 g). The pre-weighed specimen was retrieved from the test solution after every 24 h, cleaned, dried and reweighed. The difference between the weight at a given time and the initial weight of the specimen was taken as the weight loss which was used to calculate corrosion rate and inhibition efficiency.

The corrosion rate (CR) was calculated using Eq. [(1)](#eq0005){ref-type="disp-formula"} [@bib1], [@bib2], [@bib3], [@bib4], [@bib5]$$Corrosion rate\left( {CR} \right) = \left( \frac{87.6W}{DAT} \right)$$where: *W* is weight loss in mg, *A* is specimen surface area, *T* is immersion period in hours and *D* is the specimen density. From the corrosion rate, the surface coverage (*θ*) and inhibition efficiencies (*IE* %) were determined using Eqs. [(2)](#eq0010){ref-type="disp-formula"} and [(3)](#eq0015){ref-type="disp-formula"} respectively$$\theta\  = \ \frac{CR_{o} - CR}{CR_{o}}$$$$IE(\%)\  = \ \frac{CR_{o} - CR}{CR_{o}}\ x\ \frac{100}{1}$$where: *CR~o~* and *CR* are the corrosion rate in absence and presence of inhibitor respectively.

2.3. Potentiodynamic polarization method {#s0025}
----------------------------------------

The potentiodynamic polarization method was performed on the prepared test samples immersed in 0.5 M H~2~SO~4~ solution in the presence and absence of different ES concentrations. A three electrode system was used; stainless steel Type 316 plate as working electrode with an exposed area of 1.0 cm^2^, platinum rod as counter electrode and silver chloride electrode as reference electrode. The electrode was polished, degreased in acetone and thoroughly rinsed with distilled water before the experiment. Current density against applied potential was plotted. The slope of the linear part in anodic and cathodic plots gives anodic and cathodic constants according to the Stern--Geary equation, and the steps of the linear polarization plot are substituted to get corrosion current. Nova software was used with linear polarization resistance (LPR) and the current was set to 10 mA (maximum) and 10 nA (minimum). LSV staircase parameter start potential −1.5 v, step potential 0.001 m/s and stop potential of +1.5 v set was used in this study.
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